Due to the large difference in conductivities within CFC's and the high volume fraction of fibres, it is important to understand how the bulk conductivity of the CFCs behaves. Also due to the large fibre volume fraction, percolation could effect the bulk conductivity.
Carbon Fibre Composites (CFCs) consists of long strands of carbon fibres impregnated into a polymer matrix. The electrical conductivity of fibres (σ f ) is many orders of magnitude greater than the polymers (σ p ) .
The Carbon fibres have a typical diameter of 8-10 µm [1] and the fibre volume fraction is typically between 0.50 -0.60. It can be seen from Due to the large difference in conductivities within CFC's and the high volume fraction of fibres, it is important to understand how the bulk conductivity of the CFCs behaves. Also due to the large fibre volume fraction, percolation could effect the bulk conductivity.
• Various mixture rules give good agreement with the numerical predictions below the percolation threshold • Percolation has an effect on the bulk conductivity when the fibre volume fraction exceeds ~ 0.4 (percolation threshold) • Above the percolation threshold the various mixture rules become very in-accurate.
• For typical CFCs percolation effects need to be taken into account since their fibre volume fraction is around 0.6 [1], which is above the percolation threshold of ~ 0.4
The percolation effects on the bulk electrical conductivity of Carbon Fibre Composites (CFCs) are studied in detail. To simulate the CFCs manufacturing process the fibres are placed randomly in the polymer matrix using Monte Carlo based simulation techniques. The electric conductivity of the CFCs was then analysed using finite element modelling.
The theory predicts that at a given volume fraction (φ) of highly conductive particles, the percolation threshold (φ c ), there is a sudden and dramatic increase in the bulk composite conductivity.
Using the CFC structure generated from the Monte Carlo method the steady state current flow problem is solved numerically with a potential difference applied across the geometry as in Fig.4 . The numerical model is solved in terms of the electric current density and the electric field. The total current through the section is calculated and it is related to the potential difference using a concept of average resistance of the sample and associated average bulk conductivity (σ cfc )
For every given volume fraction the structure in Fig.4 was recreated many times, and the simulations where repeated to collate an average bulk conductivity (σ cfc ) and corresponding error.
Introduction to Percolation
Method to generate CFC Cross sections
Results
The conductivities of fibres and polymers where taken to be σ f = 10 6 Sm -1 and σ p = 1 Sm -1 . The results from the numerical model is shown in Fig.5 . Also shown in Fig.5 is a plot of the percolation power law (as seen in Fig.2 ) which has been fitted with a least squares regression line. The fit parameters are α = 1.7, ϕ c = 0.407 (R sqrd = 0.9977).
Predictions from two further analytical methods are also shown in Fig.5 , a simple mixture rule for resistance in series [5] and the Eshebly method [5] . Both methods assume uniform fibre distribution and ignore percolation effects.
Considering a thick single layer laminate with perfectly straight cylindrical carbon fibres of constant radius, all orientated in the same direction, the conduction problem can be modelled as a 2D cross section slice. To simulate the CFCs manufacturing process, the fibres placement in the polymer was generated using a Monte Carlo based simulation technique.
Modelling approach
• Initial started with maximum fibre volume fraction 
